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Em anuros, a sinalização visual é principalmente relacionada ao hábito diurno, à reprodução 
em ambientes ruidosos (que podem reduzir a eficiência dos sinais acústicos) e à coloração 
corporal conspícua. Tais atributos diferem dos estados ancestrais previstos para o grupo – 
hábito noturno, reprodução em poças e coloração críptica. Nesta tese, primeiramente, eu 
reivindiquei mais atenção a este comportamento inexplorado dos anuros descrevendo o rico 
repertório visual de uma espécie Neotropical. Em segundo lugar, discuti a importância de 
distinguir pistas visuais (e.g., atividades deslocadas) de sinais visuais (com função de 
comunicação) empregando um método com apresentações de espelhos em três espécies de 
hilídeos Neotropicais. Em terceiro, eu utilizei duas abordagens para testar o trade-off entre 
pistas visuais e sinais acústicos a nível de indivíduo e espécie, descobrindo que pistas visuais 
não são uma alternativa, mas provavelmente, um complemento à sinalização acústica em 
anuros. Finalmente, em uma revisão, compilei pistas e sinais visuais previamente descritos 
para 159 espécies de anuros e realizei análises comparativas para testar os efeitos da 
filogenia, do ambiente e da coloração sobre a variação do repertório visual. Concluí que as 
pistas visuais parecem evoluir independentemente em diferentes linhagens, provavelmente 
como atividades deslocadas, não submetidas a forte seleção. No entanto, em algumas 
linhagens específicas, tais pistas tornaram-se sinais visuais verdadeiros, que evoluem por 
seleção fracamente mediada pelo ambiente, mas não pela coloração corporal. 
Palavras-chave: sinais visuais, pistas visuais, ecologia comportamental, anuros, evolução de 





In anurans, visual signaling is mainly related to diurnal habits, reproduction next to water 
background noise (which can reduce the efficiency of the acoustic signals), and conspicuous 
coloration. Such traits contradict anuran ancestral features – nocturnal activity, reproduction 
in ponds and cryptic coloration. First, I claimed for more attention to this unexplored anuran 
behavior by describing the fantastic and rich visual repertoire of a Neotropical diurnal frog, 
which reproduces in fast-streams. Second, I discussed the importance in distinguish visual 
cues (e.g., displacement activities) from visual signals (communication function). For that, I 
used testes with self-mirror presentation in three Neotropical anuran species. Third, I used 
two approaches to test the trade-off between visual cues and acoustic signals in the 
individual and species levels. I found that visual cues are not an alternative, but are possibly 
complementarity to acoustic signaling in anurans. Finally, in a review, I presented the 
diversity of visual cues and visual signals previously reported to 159 anuran species during 
reproductive and aggressive interactions. I performed comparative analyses to test for the 
effects of phylogenetic history, environment context, and conspicuous color pattern on the 
variation of visual repertoire. I concluded that visual cue repertoires seem to evolve 
independently in different anuran lineages, likely as displacement activities, not subjected to 
strong selection. Yet, in some specific lineages, such cues became true visual signals, which 
evolve by selection weakly mediated by the environmental context, but not by the dorsal 
pattern coloration. 
Key words: visual signals, visual cues, behavioral ecology, anurans, evolution of signals, 
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Ecologia pode ser definida como “o estudo científico da distribuição e abundância dos 
organismos e das interações que determinam a distribuição e a abundância” (BEGON et al., 
2008; p. IX). Esta área da ciência pode ser dividida em três níveis – organismo, populações e 
comunidades, sendo que o foco de estudo na ecologia do organismo é os efeitos do 
ambiente sobre os indivíduos, e vice-versa. Entretanto, os indivíduos são como são, e 
interagem com o ambiente e com outros indivíduos da forma que interagem, devido às 
restrições determinadas por sua história evolutiva (BEGON et al., 2008). Neste contexto, na 
ecologia comportamental, os ecólogos estudam as bases evolutivas do comportamento 
animal e suas relações com pressões ecológicas (DAVIES et al., 2012). 
Segundo Nikolaas “Niko” Tinbergen (1907-1988), podemos estudar o 
comportamento animal a partir de quatro perguntas principais: (1) O que é (como isto é 
causado fisiologicamente)? (2) Qual a função (qual é o valor adaptativo)? (3) Como evoluiu 
(qual sua história filogenética)? e (4) Como se desenvolve no organismo (qual é a sua 
ontogenia)? (BURKHARDT, 2014). Um notável comportamento animal é a comunicação, uma 
vez que está presente, de diversas formas (e.g., acústica, visual, química, etc.), em quase 
todas as interações entre os indivíduos (DAVIES et al., 2012). 
 O processo de comunicação envolve transferência de informação de um emissor a 
um receptor por meio de sinais especificamente projetados (SEYFARTH e CHENEY, 2017). 
Sendo que sinais que maximizam sua detectabilidade são selecionados; sendo que 
diferentes sinais são mais detectáveis em diferentes ambientes, uma vez que os ambientes 
diferem nas propriedades de transmissão. Esta divergência nos sinais, e na percepção dos 
mesmos, pode, por exemplo, resultar em uma menor atratividade entre indivíduos de 
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diferentes populações durante a reprodução e, portanto, desencadear em um processo de 
isolamento reprodutivo (NOSIL, 2012). 
Em anfíbios anuros, a eficiência na comunicação intraespecífica está diretamente 
relacionada ao sucesso reprodutivo dos indivíduos, uma vez que o macho deve ser capaz 
tanto de defender seu território de outros machos quanto de atrair fêmeas coespecíficas 
(WELLS, 2010). A comunicação acústica em anuros oferece oportunidades de seleção sexual 
de machos pelas fêmeas (MÁRQUEZ, 1995), e também pode atuar na defesa de território 
(CHUANG et al., 2017). Entretanto, apesar da comunicação em anfíbios anuros ser baseada, 
principalmente, na emissão de sinais sonoros (WELLS, 2010), há espécies que 
aparentemente não vocalizam (WALDMAN e BISHOP, 2004), ou que o fazem muito pouco 
(LINGNAU et al., 2008). Diferentes pressões ecológicas (e.g., risco de predação e fatores 
ambientais) podem ser responsáveis por esta redução na expressão acústica (WELLS, 1977a; 
TUTTLE e RYAN, 1982). Nestes casos, outras modalidades de sinais, como a sinalização visual, 
podem ser selecionadas. 
De acordo com Hödl e Amézquita (2001), um sinal visual fornece uma pista visual 
durante uma interação, e para ser eficiente deve ser redundante, visível e estereotipado, 
além de provocar uma resposta imediata do receptor. Neste contexto, parece razoável que 
diferentes sinais visuais dinâmicos (sinais que podem ser “ligados” e “desligados” pelo 
emissor, GRAFE et al., 2012; e.g. movimentação dos membros e exibição do saco vocal 
inflado, HARTMANN et al., 2005) e diferentes padrões de coloração (que incluem cores 
altamente chamativas; HOFFMAN e BLOUIN, 2000; e.g. coloração conspícua da 
garganta/saco vocal, BURROWES, 2000) possam desempenhar funções importantes durante 
as interações sociais em anuros. 
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Acredita-se que os sinais evoluíram a partir de pistas pré-existentes ou de outros 
sinais (HÖDL e AMÉZQUITA, 2001). Uma vez que os modos de sinalização visual são diversos 
e amplamente difundidos nos anuros (HÖDL e AMÉZQUITA, 2001), diversos fatores podem 
ter favorecido a evolução de sinais visuais no grupo. Contrariamente às condições ancestrais 
dos anuros (hábito noturno, reprodução em poças e coloração críptica; DUELLMAN e TRUEB, 
1994), a comunicação visual está, sobretudo, relacionada ao hábito diurno (e.g., Allobates 
femoralis; NARINS et al., 2003), reprodução próxima a quedas d’água (e.g., Staurois parvus; 
GRAFE e TONY, 2017) e coloração conspícua (e.g., Phrynobatrachus krefftii; HIRSCHMANN e 
HÖDL, 2006). A intensidade de luz no ambiente e a conspicuidade dos indivíduos podem 
facilitar a transferência de sinais visuais. E a sinalização visual pode ter evoluído como um 
modo alternativo ao sinal acústico em ambientes ruidosos, como cachoeiras (HÖDL e 
AMÉZQUITA, 2001; GRAFE e TONY, 2017). 
Entretanto, a correta identificação de um sinal não é algo trivial. Por exemplo, 
durante as interações sociais os indivíduos podem exibir comportamentos involuntários, fora 
de contexto, que não são utilizados para a comunicação (e.g. Hypsiboas albomarginatus, 
FURTADO e NOMURA, 2014). No entanto, estas exibições visuais podem vir a se tornar sinais 
verdadeiros, uma vez que os padrões motores complexos são muitas vezes modificados, ou 
ritualizados, a partir de padrões motores antecedentes (ROSENTHAL, 2007). Logo, a 
compreensão da comunicação visual em anuros requer análises precisas, com testes de 




Objetivo da Tese 
 
O objetivo geral da tese de doutorado é compreender o contexto ecológico e evolutivo da 
sinalização visual na comunicação intraespecífica dos anfíbios anuros. 
Tendo como base três das quatro Perguntas de Tinbergen sobre como estudar o 
comportamento animal, “O que é?”, “Qual a função?” e “Como evoluiu?”; os objetivos 
específicos são: 
 Apresentar a diversidade do repertório visual em anuros; 
 Verificar a função das pistas visuais na defesa territorial de anuros noturnos; 
 Averiguar o papel da atividade acústica na diversidade e taxa de emissão de pistas 
visuais; 
 Discutir a importância de se distinguir pistas visuais de sinais visuais; 
 Descrever os modelos de evolução das pistas visuais e dos sinais visuais nos anuros 
atuais. 
 Investigar o efeito da filogenia, do ambiente, e da coloração corporal no repertório 
visual dos anuros atuais. 
 
Estrutura da Tese 
 
A tese “Aspectos eco-evolutivos da sinalização visual na comunicação intraespecífica de 
anfíbios anuros” está estruturada em quatro capítulos: 
Primeiro capítulo: “Neotropical dancing frog: the rich repertoire of visual displays in 
an hylodine species”. Artigo aceito para publicação na revista Journal of Ethology. Neste 
capítulo eu descrevo pela primeira vez um comportamento visual diverso e sofisticado em 
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uma espécie de anuro endêmico do sul do Brasil, Hylodes meridionalis. Este estudo reforça 
que a comunicação visual em anuros pode ser mais comum do que se esperava, e também 
reivindica mais atenção dos etólogos para esse comportamento ainda pouco explorado no 
grupo. 
Segundo capítulo: “In front of a mirror: visual displays may not be aggressive signals 
in nocturnal tree frogs”, publicado em 2017 na revista Journal of Natural History. Neste 
capítulo eu utilizo espelhos para estudar o comportamento visual de três espécies de anuros 
do Pantanal Mato-Grossense. Também discuto a importância de se identificar sinais 
corretamente e de distinguir pistas visuais (e.g. atividades deslocadas) de sinais visuais (com 
função de comunicação) durante interações sociais em anuros. 
Terceiro capítulo: “Visual cues are not an alternative to acoustic signalling in 
anurans”. Este estudo foi desenvolvido durante o doutorado sanduíche no Museu Nacional 
de Ciências Naturais, em Madrid, Espanha, sob a supervisão do Dr. Rafael Márquez. Neste 
capítulo eu demonstro que não há relação entre uma baixa taxa de emissão de cantos e um 
maior repertório visual, utilizando para isto dados comportamentais sobre 69 espécies de 
anuros. Adicionalmente, descrevo como machos da espécie Hylodes meridionalis utilizam as 
duas modalidades (acústica e visual) para demonstrar suas disposições agressivas. Portanto, 
a sinalização visual provavelmente não é uma alternativa, mas uma complementariedade à 
sinalização acústica neste grupo. Após a incorporação das sugestões da banca de avaliação, 
este capítulo será finalizado e submetido à revista Animal Behaviour. 
Quarto capítulo: “Visual behavior during intraspecific interactions in anurans: 
phylogeny, environment and color factors”. Neste estudo, apresento a diversidade de pistas 
e sinais visuais previamente descritas em diferentes contextos sociais em anfíbios anuros. 
Descobri que pistas visuais têm um baixo sinal filogenético e sua evolução é mais bem 
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explicada por um modelo de evolução neutra, enquanto sinais visuais são caracterizados por 
um alto sinal filogenético e evolução estabilizadora. O ambiente de transmissão e o padrão 
de coloração corporal explicaram uma porcentagem muito pequena da variação observada 
no repertório visual das 159 espécies estudadas. Este capítulo conta com a colaboração do 
Prof. Dr. Leandro Duarte (UFRGS), do Dr. Vanderlei J. Debastiani (UFRGS), e da Luísa Lermen 
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Neotropical dancing frog: the rich repertoire of visual displays in an hylodine 
species♣ 
 
Raíssa Furtado1,*, Luísa N. Lermen1, Rafael Márquez2 & Sandra M. Hartz1 
 
Abstract During reproductive season, males usually must defend their territory against 
competitor males and also attract females for reproduction. Acoustic signals evolved as an 
alternative to physical attacks, reducing injuries to both opponents during territorial dispute, 
and also are the primarily trait used by female frogs to select males. However, some recent 
evidences indicate that visual signalling may also be important during social interactions in 
frogs. In this study we describe for the first time a sophisticated visual behaviour of Hylodes 
meridionalis, a diurnal species endemic to the southern Atlantic Forest inhabiting fast 
streams. We submitted resident males to mirror self-image presentations to simulate the 
presence of an intruder male on their territories. Furthermore, we collected observations 
from close-range interactions between individuals of this very shy species. We observed 
seven types of visual displays: toe flagging (slow up-and-down movements of one or more 
toes), arm lifting (rapid up-and-down movements of one arm), leg lifting (rapid up-and-down 
movements of one leg), arm waving (lifting an arm and waving it in an arc), both legs kicking 
(stretching rapidly towards the back both hind limbs), foot flagging (raising slowly one hind 
limb in a semi-arch movement), and throat display (pulsation of one or both paired lateral 
                                                          
♣ Este capítulo segue as normas de idioma e formatação da revista Journal of Ethology, onde foi aceito para 
publicação em 04 de janeiro de 2019. 
1 Programa de Pós-Graduação em Ecologia, Departamento de Ecologia, Instituto de Biociências, Universidade 
Federal do Rio Grande do Sul, Porto Alegre, Brazil. 
* Corresponding author. E-mail: raissa.furtado@yahoo.com.br. Telephone number: +55 51 98039-7352. 
2 Fonoteca Zoológica, Departamento de Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias 
Naturales, CSIC, Madrid, Spain. 
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vocal sacs without sound production). Only ‘both legs kicking’ was displayed exclusively by 
females, and toe flagging and foot flagging were displayed by males only during agonistic 
interactions. The emission of visual displays (7 types, 117 events) was much greater than 
acoustic signals (3 types, 66 events). Our data demonstrate that the visual repertoire in the 
genus Hylodes is richer than recorded and that the visual behaviour in anurans can be more 
common than previously believed. Therefore, this characterization study helps to improve 
our understanding of the function of the rich repertoire of visual displays in frog species and 
also claims for more attention from ethologists by this poorly explored anuran behaviour. 





Communication involves information transfer between individuals by means of signals, 
which act by modifying the behaviour of the receiver, and can occur at both intra- and 
interspecific levels (Rendall et al., 2009). In anuran amphibians, intraspecific communication 
occurs mainly during the reproductive season, when males typically attract females for 
mating and defend their territory against any possible competing males (Wells, 2010). In 
most species, males produce advertisement calls to attract females and for territorial 
spacing among males, territorial calls during territorial dispute, and courtship calls for close-
range communication between male and female, stimulating and orientating females (Wells, 
2010; Toledo et al., 2015). Although anurans communicate mostly by acoustic signals (Ryan, 
2001), some studies suggest that visual signalling also can be important during social 




According to Hödl and Amézquita (2001), for a visual signal to be effective it must be 
redundant, visible and stereotyped, besides eliciting an immediate response in the receptor. 
Sexual selection and intraspecific competition, such as territorial disputes among males, can 
constitute pressures for the evolution and divergence of characters (Nosil, 2012). In the past 
years, several visual displays have been described for anurans in different social contexts 
(Hödl & Amézquita, 2001; Biju et al., 2014; Furtado et al., 2017). Specifically, in the anuran 
family Hylodidae, among the dynamic behaviours displayed during intraspecific 
communication, limb movements and posture raising are the most common visual displays 
reported during aggressive and/or reproductive interactions (Caldart et al., 2014; Forti & 
Castanho, 2012; de Sá et al., 2016). 
The Hylodidae family is a monophyletic group with three genera (Crossodactylus, 
Hylodes and Megaelosia) and 47 known species (Frost, 2019). To date, visual displays have 
been reported for all hylodines (10 species) in which this behaviour was investigated: 
Crossodactylus schmidti (Caldart et al., 2014), C. gaudichaudii (Weygoldt & Silva, 1992), 
Hylodes japi (de Sá et al., 2016), H. perere (Silva & Benmaman, 2008), H. dactylocinus 
(Narvaes & Rodrigues, 2005), H. asper (Haddad & Giaretta, 1999; Hartmann et al., 2005), H. 
nasus (Wogel et al., 2004), H. cardosoi (Forti & Castanho, 2012), H. heyeri (Lingnau, 2003), 
and H. phyllodes (Hartmann et al., 2005). In 2001, Hödl and Amézquita suggested that the 
genus Hylodes is the most promising group to study the evolution of visual communication in 
anurans due to their diurnality and reproduction in noisy streams. The daylight facilitates the 
signal visualization and information transfer; and noisy environments, such as waterfalls, can 
reduce the efficiency of acoustic signals, favouring the use of visual signals (Hödl & 
Amézquita, 2001; Caldart et al., 2014). For example, males of Staurois parvus have diurnal 
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habit and they increase foot flagging display and decrease advertisement call emission, 
during intraspecific interactions when submitted to high levels of stream noise (Grafe and 
Tony, 2017). 
Hylodes meridionalis (Mertens, 1927) belongs to the Hylodes lateristrigatus group 
(Frost, 2019) and is endemic of the southern mountain slopes of the Atlantic Forest (Kwet et 
al., 2010). During the reproductive season (October–February), males call during daytime on 
fast streams of clean water, mostly on rocks or perched on fallen logs (Kwet et al., 2010). 
Hylodes meridionalis males are territorial and they defend their calling sites using acoustic 
signals (Lingnau et al., 2013). Advertisement and territorial calls were described by Lingnau 
et al. (2013). Kwet et al. (2010) observed leg movements displayed by individuals in natural 
conditions. However, the visual repertoire of H. meridionalis was not previously described in 
detail. 
Several sample designs can be employed to study anuran visual behaviour, for 
example: (1) observations of natural encounters between individuals (Wogel et al., 2004); (2) 
mirror self-image presentations (Pombal et al., 1994); (3) picture or video presentations 
(Reichert & Höbel, 2015); (4) introducing adult males/females next to resident individuals 
(Lindquist & Hetherington, 1998); and (5) presentations of artificial models (Preininger et al., 
2013). In the present study, we used mirror self-image presentations to simulate the 
presence of conspecific intruder males (i.e., the reflection in the mirror simulates the 
presence of a signal receiver; Furtado et al., 2017) with the purpose of describing the visual 
repertoire of H. meridionalis males during agonistic interactions. We also describe types and 
frequency of visual displays during natural close-range encounters between individuals. 









This study was conducted in January, September and November 2016 and February 2017, 
during the course of non-consecutive 20 days with an average of five to six work hours in the 
field per day, in three fast streams in the Atlantic Forest, in the São Francisco de Paula 
National Forest (Flona-SFP), southern of Brazil (29°29’13.3” S and 050°13’12” W). Flona-SFP 
has an area of 1606 ha and 56% of that being native forests (Narvaes et al., 2005); the 
vegetation is composed mostly by a mosaic of Araucaria moist forests, steppe formations, 
and introduced Pinus plantations (Backes et al., 2005). The Flona-SFP region has a temperate 
climate with an average annual rainfall of 2200 mm and a mean temperature of 14.5 °C 
(Ferreira & Eggers, 2008). However, during the data collection (summer season), the air 
temperature varied from 17 to 24.4 ºC and the relative humidity varied from 78 to 96% 
(measured with a TFA Digital Thermo-Hygrometer). The relief in Flona-SFP is wavy 
permeated by some rivers, where we can find groups of Hylodes meridionalis individuals 




We observed 18 males and two females of Hylodes meridionalis (87 min of video-recordings) 
in natural conditions. We recognized the males by call producing; and we identified the 
females by the absence of call producing and also by the absence of aggressive response 
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from males when these individuals approached. Observations occurred during the 
afternoon, between 13h and 18h. Focal males were selected arbitrarily, the approximation 
was very gentle, and images were captured using a video camera (Panasonic HC-W850) 
positioned at least 1.5 m from the individual. 
We submitted males to mirror self-image presentations to simulate the presence of 
an intruder male in the resident's territory (Figure 1). For that, we gently positioned in the 
visual field of the resident male a mirror (15 x 15 cm) supported by a retractable handle 1 m 
long. The mirror was 15–25 cm from the actively calling resident male, at an angle of 
approximately 45° in relation to the male's body position to avoid a possible blind spot at 0° 
(directly in front of the animal; Fite, 1973, Furtado et al., 2017). The behavioural responses 
of each focal male were recorded for at least 3 min and both visual and acoustic responses 
were measured through these recordings. Additionally, during the field work, we also 
observed close-range interactions between individuals (one male-female, and three male-
male interactions) and recorded and scored these natural encounters. The visual responses 
were classified according to the motor patterns described by Hödl and Amézquita (2001), 
Hartmann et al. (2005), Caldart et al. (2014), and de Sá et al. (2016), and the acoustic 





Figure 1 Mirror self-image presentation to a male of Hylodes meridionalis in the São 
Francisco de Paula National Forest, southern Brazil. The reflection of the animal in the mirror 
(15 x 15 cm), positioned at an angle of approximately 45° in relation to the male body 
position, simulated the presence of an intruder male in the resident territory. 
 
After the recording, the individuals were captured to measure their snout-vent length 
(SVL) using a paquimeter Mitutoyo, precision 0.02 mm. To prevent observing the same 
individual more than once, we placed the focal animals in terrariums until the end of each 
sampling period (not exceeding 3 days). All the animals were released exactly at their 
capture site, with apparent good health. Each sampling period was conducted in a different 
stream or in a different section of the same stream. The possibility of observing the same 
male in different sampling sites is low because this genus is characterized by strong 
territoriality (Haddad & Giaretta, 1999; Lingnau, 2003; Wogel et al., 2004; Forti & Castanho, 






We localized and observed Hylodes meridionalis individuals only in the native forest, where 
males called in full daylight on fast streams of clean water, mostly on rocks or perched on 
fallen logs. The present study is the first recording H. meridionalis males in calling activity 
during September. The females were observed during the months of November 2016 and 
February 2017. Although we did not observe males vocalizing alone during the field work 
(the groups observed were formed by three to seven males in calling activity), the distance 
between males was more than 2 m. The males and one female were found very close to the 
water (only a few centimetres of distance) or with the posterior part of the body underwater 
(Figure 1 and 2). The other female was recorded while sitting inside a small cave formed by a 
big rock above the ground, 2 m away from the water. Although we could not capture the 
females to measure the SVL, our observations indicate that possibly the females (N = 2) were 
larger than males (SVL: 39.38 ± 1.96 mm; N = 8 males measured; Figure 2). We also observed 
lighter body coloration in females when compared to males (Figure 2). 
This species can be characterized by being very shy. The males stopped calling and 
jumped into the water even before we arrived to the margin of the fast stream. However, if 
observers remained motionless and in silence, they often returned to the initial position 
after some minutes. Contrary to males, females did not return to the initial position after 
escaping from our approach. Additionally, females were observed only twice during the field 





Figure 2 Male (smaller and darker colour; snout-vent length = 39.2 mm) and female (larger 
and lighter colour) of Hylodes meridionalis in the São Francisco de Paula National Forest, 
southern Brazil. 
 
 Visual repertoire 
 
Despite the difficulty of observing H. meridionalis in natural conditions, we reported a large 
visual repertoire with seven visual displays performed by males and females: 
– Toe flagging. Slow up-and-down movements of one or more toes. Toes may be 
moved independently, without a fixed sequence, or in sequence in a wave-like pattern. Toe 
flagging was performed with right, left or both feet, and it was mainly performed 
immediately before or after foot flagging display (see descriptions below; Video S1). In two 
occasions male displayed toe flagging and emitted advertisement calls simultaneously. 
During our observations, only one focal male performed toe flagging (Male 3), but in a highly 
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repetitive way (10 events) during a close-range agonistic interaction with another male 
(Table 1). 
– Arm lifting. Rapid up-and-down movement of one arm, without extending it (Video 
S1 – intruder male, Video S2). It was a high-speed display and it was performed with right or 
left arms. Additionally, the behaviour was observed immediately before or after leg lifting 
display (see descriptions below). This behaviour was performed by seven males during 
agonistic context and by one female during reproductive contexts (Table 1). 
– Leg lifting. Rapid up-and-down movement of one leg, without extending it (Video 
S2). It was a high-speed display and it was performed with right or left limbs. This behaviour 
can be performed immediately before or after arm lifting display. Leg lifting was performed 
by ten males during both agonistic and reproductive contexts and by one female during 
reproductive context (Table 1). During our study we observed the same male performing 
both arm and leg lifting displays (Table 1, Video S2).  
– Arm waving. Lifting an arm and waving it up and down in a gentle arc beside the 
head (Video S3). Both right and left arms were used to perform a high speed arm waving. 
Arm waving was performed by seven males during both agonistic and reproductive contexts 
and by one female during reproductive context (Table 1). Arm waving was the most frequent 
visual display during our study (49 events, 41.88% of visual displays). 
– Both legs kicking. Stretching rapidly both hind limbs at the same time towards the 
back above the ground and returning them to the normal position, as if the individual was 
kicking the air (Video S4). ‘Both legs kicking’ was performed only once by a female during a 
very close-range male-female interaction (Table 1). It was performed five seconds after the 
male displayed arm waving (Video S4). The male did not visually or acoustically respond to 
‘both legs kicking’ display and after some time (approximately 80 seconds) he moved away 
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from the female, who did not follow him. Some minutes later the male returned close the 
female and both restarted to display visually to each other. 
– Foot flagging. Raising slowly one hind limb, in a semi-arc movement, above the 
substrate level and returning it to the body side (Video S1). Foot flagging was performed 
with the right or left leg, and sometimes there was alternation of sides (Video S5). The lifted 
foot could simultaneously perform toe flagging. Foot flagging was performed by four males 
exclusively during agonistic encounters (Table 1). 
– Throat display. Pulsation of the throat (inflation and deflation of the vocal sac) 
without audible sound production. It was performed once or repeated several times (Video 
S6). Contrary to the production of advertisement calls, when both paired lateral vocal sacs 
are inflated (Video S7), throat display can be performed by inflation of only one lateral vocal 
sac (Video S6). Throat display can be performed by males during both agonistic and 
reproductive contexts (Table 1), but in different ways. During agonistic interaction, one male 
performed ten throat displays consecutively inflating only the left vocal sac (Video S8), and 
other male performed two throat displays alternating with territorial calls (it was not 
possible to determine if the male inflated one or both vocal sacs, Video S8; Table 1). 
However, when in presence of a female, the male performed only one throat display, 
inflating only the left vocal sac, immediately after leg lifting and before the emission of 
unknown vocalizations (see details below; Video S9). 
 
Territorial dispute between males 
 
In total, we observed six types of visual displays performed by males during territorial 
dispute: toe flagging, arm lifting, leg lifting, arm waving, foot flagging, and throat display (99 
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events; Table 1). Arm waving behaviour was the most frequent visual display during both 
mirror self-image presentations and male-male interactions (Table 1). Although the emission 
of acoustic signals (63 events) was much less frequent than visual displays (117 events), we 
video-recorded two known acoustic signals for males of H. meridionalis: advertisement call 
(Video S7) and territorial call (Video S8; Lingnau et al., 2013). Advertisement call was the 
most frequent acoustic signals emitted by males during aggressive interactions (50 events, 
79.4% of calls produced; Table 1). Additionally, the simultaneous emission of advertisement 
calls and toe flagging (2 events, 2 males) was only produced by resident males after 





Table 1 Emission of visual and acoustic behaviours and physical attacks by 18 males and one 
female of Hylodes meridionalis during agonistic and reproductive interactions. Agonistic 
interactions consisted in the presentation of mirror self-image to simulate the presence of 
an intruder male in their territories and in observations of close-range male-male 
interactions. Reproductive interactions consisted in observations of close-range male-female 
interaction. Time represents the duration of observation (minutes:seconds).   
   Behaviour  

















































































03:00 0 0 0 0 0 0 0 1 0 0 0 
Male 2 03:00 0 0 0 5 0 1 0 7 0 0 1* 
Male 3 03:00 1 2 1 0 0 0 0 7 0 0 1* 
Male 4 03:00 0 0 0 0 0 0 0 0 0 0 0 
Male 5 03:00 0 3 0 0 0 0 0 1 0 0 1* 
Male 6 05:36 0 0 3 3 0 3 0 4 0 0 0 
Male 7 03:00 0 1 0 0 0 0 0 2 0 0 0 
Male 8 03:00 0 0 1 0 0 0 0 0 0 0 0 
Male 9 03:01 0 0 0 0 0 0 0 2 0 0 0 
Male 10 03:01 0 0 0 0 0 0 0 0 0 0 0 
Male 11 07:45 0 0 0 7 0 0 0 4 0 0 0 
Male 12 03:02 0 0 1 0 0 0 0 0 0 0 2* 
Male 13 03:07 0 1 0 5 0 0 0 0 0 0 0 
Male 3 Male-male 
interaction 10:25 
10 0 1 10 0 8 0 19 0 0 1 
Male 14** 0 3 1 4 0 2 0 3 0 0 0 
Male 15 Male-male 
interaction 5:56 
0 1 2 2 0 0 10 0 0 0 0 
Male 16 0 1 2 0 0 0 0 0 0 0 0 
Male 17 Male-male 
interaction 3:21 
0 0 2 4 0 0 2 0 0 13 0 
Male 18 0 0 0 0 0 0 0 0 0 0 0 
Male 11 Male-female 
interaction 
12:03 0 0 1 8 0 0 1 0 3 0 0 
Female 1  0 1 1 5 1 0 0 0 0 0 0 
Total:  78:17 11 13 16 49 1 14 13 50 3 13 6 




The males’ aggressiveness during male-male competition could be identified 
not only by the production of visual displays and acoustic signals, but also by the 
observation of physical attacks against intruders. Four males of H. meridionalis jumped 
towards the mirror during recordings, probably physically attacking their reflection 
simulating a conspecific intruder male (Table 1; Video S7). Aggressive physical contact 
was also observed during close-range male-male interactions, but in a different way. 
We observed a male pushing away an intruder from his territory by putting its head 
under the intruder's head and pushing it out. After that, the resident male followed 
the intruder emitting advertisement calls, and performing toe flagging and foot 




We observed only a single interaction between male and female (Figure 2). The female 
approached the male and both started to display visually to each other. During a 
period of approximately 15 min, the male emitted arm waving (8 events), leg lifting (1 
event) and throat displays (1 event); and the female emitted arm waving (5 events), 
arm lifting (1 event), leg lifting (1 event), and both legs kicking (1 event; Table 1). The 
female emitted the ‘both legs kicking’ immediately after the male emitted an arm 
lifting display. During the exchange of visual displays, the distance between male and 
female animal varied from adjacent (Figure 2) to 25 cm. 
After the performance of visual displays by both individuals that did not follow 
an apparent order, the male emitted four consecutive unknown vocalizations (Video 
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S9) immediately after the emission of leg lifting and throat display. In contrast to the 
production of advertisement calls, where both paired lateral vocal sacs are inflated, 
the male alternated the use of the vocal sacs to produce these undescribed 
vocalizations. After vocalizing, the male began to move towards the riverside. 
However, the female moved towards the opposite site and jumped into the water. In 
summary, no advertisement call was ever observed by H. meridionalis males during 




Almost all visual displays described for Hylodes meridionalis were previously described 
for other hylodine frogs (Table 2). ‘Both legs kicking’, however, was first reported for 
the genus Hylodes in the present study, and it was performed only by females of H. 
meridionalis (Table 2). These observations further emphasize the genus trend for visual 
communication that is mostly attributed to its characterized behavioural aspects of 
diurnality and reproduction in noisy streams (Haddad & Giaretta, 1999; de Sá et al., 
2016). Environmental factors believed to be related to the evolution of visual signalling 
in anurans (Hödl & Amézquita, 2001), but not checked so far. 
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Table 2 Visual displays emitted by males (♂) and/or females (♀) of anurans species from the genus Hylodes (family Hylodidae) during agonistic 





































































































































Hylodes asper – – ♂a ♂♀b – ♂♀b – ♂b – – – – – ♂b – – – – 1, 2, 3, 4 
H. japi – ♂b ♂b ♂♀b ♂♀b ♂a – ♂b – ♂b ♂r ♂b ♂a ♂b ♂b – ♂a ♂♀b 5 
H. perere – – – – – ♂ – – – – – – – – – – – – 6 
H. dactylocinus ♂ ♂ ♂ ♂ – ♂ – ♂b – – – – – – – ♂a – – 3,7 
H. nasus – – – – ♂a ♂a – ♂ – – – – – – ♂a – – – 8 
H. cardosoi – – – ♂a – ♂b – ♂♀b – – – – – ♂b – – – – 9,10 
H. heyeri – ♂ ♂ ♂a – ♂a – – ♂ – – – ♂ – ♂ – – – 11 
H. phyllodes – – ♂a ♂ – ♂b – ♂ ♂a – ♂ ♂ ♂a ♂b ♂a – – – 4,12 
H. meridionalis – – ♂a ♂♀b ♂♀b – ♀r ♂a – – – ♂b – – ♂a – – – 
Present 
study 
*Including both arm and leg lifting behaviours. 
References: 1Heyer et al. (1990); 2Haddad & Giaretta (1999); 3Hödl & Amézquita (2001); 4Hartmann et al. (2005); 5de Sá et al. (2016); 6Silva & 
Benmaman (2008); 7Narvaes & Rodrigues (2005); 8Wogel et al. (2004); 9Lingnau et al. (2008); 10Forti & Castanho (2012); 11Lingnau (2003); 
12Forti (pers. obs.). 
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Arm waving was the most frequent visual display performed by H. meridionalis, 
especially during agonistic interactions between two males. For example, one focal 
male did not perform arm waving displays during mirror self-image presentations, but 
it performed several arm waving displays after the approach of another male into its 
territory. Therefore, it seems that the reflection in the mirror alone did not trigger an 
increase of the display of this particular behaviour. In addition, arm waving behaviour 
could be a visual display originating in the combination of rapid movement and colour 
contrast against background. In contrast to other anuran species (e.g., Atelopus zeteki, 
Lindquist & Hetherington, 1996, 1998; Brachycephalus ephippium, Pombal et al., 
1994), the arm of H. meridionalis individuals moved fast during arm waving display. 
Conspicuous coloration in the supra-labial area in hylodines is commonly observed 
(Haddad et al., 2008). De Sá et al. (2016) suggested that the rapid arm movement 
associated with the colour contrast between the dark arm and the bright whitish-
yellow coloration in the supra-labial area in H. japi can produce a flashing signal for the 
conspecific receiver. However, the present study is merely a starting point to elucidate 
the function of arm waving in H. meridionalis and future experimental studies are 
required. 
Together, arm and leg lifting displays were the second most frequently 
performed visual display by males of H. meridionalis, and limb lifting displays was 
reported in other six hylodine frogs. In 2001, Hödl and Amézquita (2001) already 
suggested that limb lifting behaviour (including both arm and leg movements) was one 
of the most widespread visual displays in anurans. At the moment, this visual display 
was reported in species from eight anuran families (Micrixalidae, Biju et al., 2014; 
Ranidae, Stangel et al., 2015; Hylidae and Centrolenidae, Hartmann et al., 2005; 
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Aromobatidae, Narins et al., 2003; Dendrobatidae, Hödl & Amézquita, 2001; 
Bufonidae, Lindquist & Hetherington, 1996; and Hylodidae, present study). Although 
ethologists do not usually separate arm lifting from leg lifting during anuran visual 
repertoire description (e.g., Hödl & Amézquita, 2001; Hartmann et al., 2005) and 
individuals of H. meridionalis are able to perform both displays, de Sá et al. (2016) 
highlighted that individuals of H. japi were observed performing exclusively arm lifting 
displays. In addition, while leg stretching (stretching of only one leg) display was 
reported to all the other Hylodes species in which the visual communication was 
studied so far, especially performed by males. Here, we observed ‘both legs kicking’ 
performed by a female of H. meridionalis. However, the present study is not the first 
one to report ‘both legs kicking’ in the Hylodidae family. Caldart et al. (2014) described 
Crossodactylus schmidti individuals performing ‘both legs kicking’, but only during 
agonistic encounters between two males. Therefore, we suggest that future studies 
not only investigate the adaptive function of visual displays emitted by each sex of 
hylodines, but how the diversity of visual displays is distributed in the phylogeny of the 
group. 
From the visual displays performed by males of H. meridionalis during agonistic 
contexts (toe flagging, arm lifting, leg lifting, arm waving, foot flagging, and throat 
display), throat display was the only one exclusively performed during close-range 
interaction between individuals. This result agrees with other studies (Pombal et al., 
1994; Lindquist & Hetherington, 1998; Haddad & Giaretta, 1999; Furtado & Nomura, 
2014) indicating that mirror self-image presentations can be a good method to 
investigate the visual repertoire in visually oriented animals. But it is not perfect. For 
future studies we strongly suggest the use of a proper control to confirm or reject any 
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effect caused by the approximation of an object in the behaviour of focal animals. A 
control treatment would also make it possible to verify whether the individuals 
produce visual displays even in the absence of a signal receiver. In this case, visual 
displays would probably not represent visual signals, but displacement activities 
(Furtado & Nomura, 2014). 
Displacement activities are unintentional behaviours with apparent irrelevance 
during ongoing activity (Tinbergen, 1952; Maestripieri et al., 1992). This kind of display 
apparently has no communication function, but can be very stereotyped and easily 
misinterpreted as a signal display (Furtado & Nomura, 2014). However, signals evolve 
from pre-existing cues, e.g., unintentional behaviours, or other signals (Tinbergen, 
1952). Therefore, it is possible that some visual displays in H. meridionalis represent 
bona fide visual signals, but others not. In the last case, these displacement activities 
may have not been evolved to signals yet. 
During our observations, a male of H. meridionalis inflated only one of his 
paired sacs during throat display after a female approached. This is the second anuran 
species known that can independently use each lateral vocal sac (this ability was first 
recorded to H. japi by de Sá et al. (2016) and discussed by Elias-Costa et al., 2017). We 
also described H. meridionalis males alternatively inflating the lateral vocal sacs during 
production of undescribed calls. Therefore, these results not only indicate that these 
animals can voluntarily control each vocal sac, but also that the use of a specific paired 
lateral vocal sac or both of them may be selected. 
Species using visual signalling can also use acoustic signalling during social 
interactions (Narins et al., 2003). This makes it difficult to separate the function of each 
signal modality during communication (Amézquita & Hödl, 2004). Contrary to other 
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anuran species also submitted to mirror presentations (e.g. Boana albomarginatus, 
Furtado & Nomura, 2014; B. raniceps, Dendropsophus nanus and Lysapsus limellum, 
Furtado et al., 2017), the visual displays were more frequent than acoustic signals in H. 
meridionalis. Since the visual displays actually represent displacement activities in B. 
albomarginatus, B. raniceps, D. nanus and L. limellum (Furtado & Nomura, 2014; 
Furtado et al., 2017), this result may indicate a high possibility that the visual displays 
performed by H. meridionalis individuals actually represent visual signals. Despite the 
low emission of calls by males of H. meridionalis, we recorded advertisement and 
territorial calls (described by Lingnau et al., 2013) and also one unknown type of call 
that was emitted only by a male during close-range male-female interaction. 
Therefore, we encourage future studies to confirm the production of courtship calls by 
males of H. meridionalis. In addition, bimodal stimulation (e.g. acoustic and visual 
signals) can result, for example, in the strongest behavioural response of focal animals 
(Narins et al., 2003). Therefore, the possibility that males of H. meridionalis could 
increase their aggressive response when confronted by a calling intruder male 
performing visual displays should be investigated in order to complement the findings 
reported in this study. 
Visual displays during intraspecific communication have been reported for a 
small part of anuran diversity despite the evidence of its importance in the social 
interactions. In the present study we report a diverse visual repertoire in H. 
meridionalis during both aggressive and reproductive contexts, including a throat 
display inflating only one lateral vocal sac. Studies on natural history provide the 
primary information to elucidate the adaptive function and eco-evolutionary aspects 
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Videos deposited in the Fonoteca Zoológica (Fonozoo), Museo Nacional de Ciencias 
Naturales, Consejo Superior de Investigaciones Científicas, Madrid, Spain. 
 
Video S1 Resident male of Hylodes meridionalis performing toe flagging and foot 
flagging displays to a conspecific intruder male. The intruder male performed arm 
lifting at the beginning of the recording. Recorded on January 04, 2016 at 17:37h, air 
temperature of 20.9 ºC, in São Francisco de Paula National Forest, southern of Brazil. 
Fonoteca Zoológica Code: 10296MOV1. 
Video S2 Male of Hylodes meridionalis performing leg and arm lifting movements as 
response to mirror self-image presentation. Recorded on January 06, 2016 at 15:25h, 
air temperature of 23.3 ºC, in São Francisco de Paula National Forest, southern Brazil. 
Fonoteca Zoológica Code: 10297MOV1. 
Video S3 Male of Hylodes meridionalis performing arm waving displays as response to 
mirror self-image presentation. Recorded on November 13, 2016 at 17:04h, air 
temperature of 19.6 ºC, in São Francisco de Paula National Forest, southern of Brazil. 
Fonoteca Zoológica Code: 10298MOV1. 
Video S4 Female of Hylodes meridionalis performing ‘both legs kicking’ in front of a 
conspecific male. Recorded on November 13, 2016 at 18:00h, air temperature of 19.6 




Video S5 Interaction between two calling males of Hylodes meridionalis. The resident 
male (bottom right corner of the video) performed foot flagging displays with 
alternation of feet. Recorded on January 04, 2016 at 17:37h, air temperature of 20.9 
ºC, in São Francisco de Paula National Forest, southern Brazil. Fonoteca Zoológica 
Code: 10300MOV1. 
Video S6 Male of Hylodes meridionalis performing throat displays during agonistic 
interaction with another male. Recorded on February 24, 2017 at 14:00h, air 
temperature of 24 ºC, in São Francisco de Paula National Forest, southern Brazil. 
Fonoteca Zoológica Code: 10302MOV1. 
Video S7 Male of Hylodes meridionalis producing advertisement call and, immediately 
after that, jumping towards the mirror that was positioned in front of the focal animal 
to simulate an intruder male. Recorded on January 04, 2016 at 15:58h, air temperature 
of 23.6 ºC, in São Francisco de Paula National Forest, southern of Brazil. Fonoteca 
Zoológica Code: 10303MOV1. 
Video S8 Male of Hylodes meridionalis alternating territorial calls and throat displays 
during agonistic interaction with another male. Recorded on February 24, 2017 at 
15:00h, air temperature of 24 ºC, in São Francisco de Paula National Forest, southern 
Brazil. Fonoteca Zoológica Code: 10304MOV1. 
Video S9 Male (bottom) of Hylodes meridionalis performing leg lifting and throat 
displays and, in sequence, producing courtship calls to a female (up) close to him. 
Recorded on November 13, 2016 at 18:00h, air temperature of 19.6 ºC, in São 




Video S10 Agonistic interaction with physical attack between two males of Hylodes 
meridionalis. Recorded on January 04, 2016 at 17:37h, air temperature of 20.9 ºC, in 
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In front of a mirror: visual displays may not be aggressive signals in 
nocturnal tree frogs♣ 
 
Raíssa Furtado3,*, Rafael Márquez4, Sandra Maria Hartz5 
 
Abstract Some evidence indicates that in anuran amphibians, visual signaling 
can be important during social interactions such as territorial disputes among 
males, especially in diurnal species. The correct identification of a signal is not a 
trivial matter. A visual signal provides a visual cue during a social interaction, and 
to be effective it must elicit an immediate response in the receiver. We tested 
the hypothesis that visual displays in an agonistic context constitute aggressive 
signals, in three nocturnal species of Hylidae. We predicted that the production 
of visual displays would increase in the presence of a conspecific intruder male. 
Males of Hypsiboas raniceps, Dendropsophus nanus and Lysapsus limellum were 
submitted to two treatments: (1) Self Image, a reflection in a mirror, simulating 
the presence of an intruder; and (2) Control, a black rectangle covering the 
mirror. We observed three visual displays: vocal-sac display (inflate the vocal sac 
                                                          
♣ Este capítulo segue as normas de idioma e formatação da revista Journal of Natural History, Print ISSN: 
0022-2933, onde foi publicado em 2017: volume 51, números 7-8, pg. 443-454, DOI: 
10.1080/00222933.2016.1262078. 
3 Programa de Pós-Graduação em Ecologia, Departamento de Ecologia, Instituto de Biociências, 
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil. 
* Corresponding author. Programa de Pós-Graduação em Ecologia, Departamento de Ecologia, Instituto 
de Biociências, Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, 91501-970 
Brazil. CP 15007. Telephone number: +55 51 3308-6634. E-mail: raissa.furtado@yahoo.com.br. 
4 Fonoteca Zoológica, Departamento de Biodiversidad y Biología Evolutiva, Museo Nacional de Ciencias 
Naturales, CSIC, Madrid, Spain. 




and maintain it inflated for some time), limb lifting (rapid up-and-down 
movements of one or more limbs), and toe/finger trembling (rapid up-and-down 
movements of one or more toes and/or fingers). This last display was observed 
only in H. raniceps males. Contrary to our hypothesis, the emission rates of all 
visual displays of the focal animals did not differ between treatments; and the 
behavioral response did not differ among species. Therefore, we suggest that 
these behaviors could not be used directly for communication in agonistic 
contexts, and may represent displacement activities (involuntary responses). 
Alternatively, an aggressive bimodal stimulus may be necessary to trigger a 
behavioral response by using visual signals during territory defense in these 
three species. 
Keywords: vocal-sac display; limb lifting; toe/finger trembling; Hypsiboas 




Communication involves information transfer between individuals by means of signals, 
which act by modifying the behavior of the receiver, and can occur at both intra- and 
interspecific levels (Sebeok 1968; Maynard-Smith and Harper 2003; Bradbury and 
Vehrencamp 2011). In anuran amphibians, intraspecific communication occurs mainly 
during the reproductive season, when the males typically attract conspecific females 
for mating and defend their territory from possible competing males (Wells 2007). 
Although anurans communicate mostly by emitting acoustic signals (Duellman and 
Trueb 1994; Wells 2007), some evidence indicates that visual signaling also can be 
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important during social interactions (Hödl and Amézquita 2001; Hartmann et al. 2005). 
Intraspecific competition such as territorial disputes among males can 
constitute a pressure for the evolution and divergence of characters (Nosil 2012), and 
in recent years, several visual displays have been described for amphibian anurans in 
agonistic contexts (Dyson et al. 2013; Bee et al. 2016). Among the dynamic behaviors 
displayed during intraspecific communication, rapid up-and-down movement of one or 
more limbs (‘limb lifting’ behavior) is one of the most common visual displays in 
anurans (Hartmann et al. 2005; Souza 2014), and is usually associated with aggressive 
interactions between males (Hödl and Amézquita 2001; Preininger et al. 2013). Also, 
rapid up-and-down movements of toes/fingers (without otherwise moving the limb; 
Hödl and Amézquita 2001) were described in several anuran species during agonistic 
context (Hartmann et al. 2005; Toledo et al. 2007; Souza 2014). Besides the visual cue, 
toe/finger movements has been associated with vibrational signaling (during 
intraspecific – Narins 1995, and interspecific communication – Sloggett and Zeilstra 
2008) and with high levels of anxiety (Furtado and Nomura 2014). 
 Visual signaling in anurans is not restricted to limb movements. Some evidence 
indicates that conspicuous coloration of the throat in males can indicate the 
individual’s reproductive disposition to both receivers, females and potential rivals 
(Hirschmann and Hödl 2006; Sztatecsny et al. 2010; Gomez et al. 2011). Other studies 
indicate that the male vocal-sac display (inflate the vocal sac, with or without 
vocalizing, and maintain the vocal sac inflated for some time; adapted from Hartmann 
et al. 2005) can visually convey information about the individual's sex, intensifying the 
acoustic signal emitted by the male during territorial defense (Narins et al. 2003; de 
Luna et al. 2010; Preininger et al. 2013). In addition, although anurans can visually 
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recognize an individual as the same species and sex even at night, as demonstrated by 
experiments with mirrors (Furtado and Nomura 2014), the role of visual perception of 
a potential reproductive competitor during social interactions remains little explored. 
According to Hödl and Amézquita (2001), a visual signal provides a visual cue 
during a social interaction, and in order to be effective it must be redundant, visible 
and stereotyped, besides eliciting an immediate response in the receiver. The correct 
identification of a signal is not a trivial matter. For example, during social interactions 
individuals can exhibit involuntary behaviors, and although the motor pattern 
resembles visual signals emitted by other species, these behaviors are not used for 
communication (Tinbergen 1952; Furtado and Nomura 2014). Thus, studies of visual 
communication in anurans require accurate analysis testing the behaviors and 
ecological contexts in which these signals are performed. 
Our purpose was to describe the visual repertoire, during agonistic interactions, 
of three nocturnal hylid species that reproduce in lentic environments: Hypsiboas 
raniceps Cope, 1862, Dendropsophus nanus (Boulenger, 1889) and Lysapsus limellum 
Cope, 1862. We also tested the hypothesis that the visual displays constitute 
aggressive visual signals. We predicted that the emission rate of visual displays by the 
resident male would increase in the presence of a conspecific intruder male in its 









This study was completed between 30 September and 6 October 2015 in a permanent 
pond in the southeastern Pantanal, in the Base de Estudos do Pantanal (BEP) of the 
Federal University of Mato Grosso do Sul, Corumbá, state of Mato Grosso do Sul, Brazil 
(19°34’37” S and 057°01’09” W). The Pantanal has an area of approximately 140,000 
km2, with elevations ranging from 75 to 200 m above sea level. The seasonal climate is 
characterized by a hot and humid summer from October to March, and a dry winter 
from May to September (Alvares et al. 2013; Prado and Haddad 2005). The 
predominant biome in the BEP is the Cerrado, with patches of semi-deciduous forest, 




Hypsiboas raniceps Cope, 1862 (Figure 1a) belongs to the H. albopunctatus group and 
is widely distributed in South America (Frost 2015), where it inhabits open areas in 
northern Argentina, eastern and midwestern Brazil, eastern Bolivia, Paraguay, 
Venezuela and French Guyana (Uetanabaro et al. 2008). During the reproductive 
season (September-March), males call at night on the shores of ponds or wetlands 
(Uetanabaro et al. 2008), mostly perched on shrubby or emergent vegetation 
(Guimarães and Bastos 2003). Males are territorial and defend their calling sites using 
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chases, acoustic signals and physical fighting (Guimarães and Bastos 2003). The 
advertisement and territorial calls, as well as the vocal-sac display associated with 
aggressive interactions, were described by Guimarães and Bastos (2003). The authors 
observed males of H. raniceps inflating the vocal sac during calling activity and 
maintaining it inflated for some time, even without emitting vocalizations, after 
agonistic interactions between competitor males. 
Dendropsophus nanus (Boulenger, 1889) (Figure 1b) generally occurs in lentic 
environments in southern, southeastern and midwestern Brazil, central Paraguay, 
northern Argentina, Uruguay and eastern Bolivia. Males call year-round perched on 
grasses or emergent aquatic plants in ponds, usually a few centimeters above the 
water surface (Prado 2003; Uetanabaro et al. 2008). Although two types of notes have 
been described for the advertisement call (Martins and Jim 2003), no visual display has 
described for D. nanus. 
Lysapsus limellum Cope, 1862 (Figure 1c) occurs throughout the Pantanal, from 
southern and central Brazil, Uruguay, Paraguay and Bolivia to northern Argentina. This 
semi-aquatic species can be found both day and night in lentic water bodies of open 
areas (Uetanabaro et al. 2008). Males call while perched on macrophyte leaves during 
the year (Prado 2003; Uetanabaro et al. 2008). Two types of calls, possibly 
advertisement and territorial, were described for the species (Santana et al. 2013). 





Figure 1 Males of (a) Hypsiboas raniceps, (b) Dendropsophus nanus and (c) Lysapsus 
limellum located in the southeastern Pantanal, Corumbá, state of Mato Grosso do Sul, 
Brazil. Note that all males perform the vocal-sac display behavior (inflate the vocal sac, 




We observed males of H. raniceps (36 min of recordings; 6 males), D. nanus (36 min of 
recordings; 6 males) and L. limellum (30 min of recordings; 5 males) in natural 
conditions, using focal animal sampling (Lehner 1996). Observations began at 20:00 h, 
generally 2 h after the first males started to call. Individuals were selected arbitrarily, 
mainly those that were in a suitable position either on the ground or on vegetation and 
at least 3 m distant from other males, and were located with a common flashlight. 
After the focal animal was selected, all flashlights were turned off to reduce the stress 
on the animal, and images were captured using a video camera (Panasonic HC-W850) 
with infrared light, positioned at least 1 m from the focal animal. Visual displays 
emitted by focal individuals of each species are represented by short videos available 
in the supplemental online material. 
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To simulate the presence of an intruder, the experiment consisted of two 
treatments for each resident male: (1) Self Image, a mirror (14 x 8 cm) supported by a 
retractable handle 1 m long, positioned in the visual field of the resident male; and (2) 
Control, with the mirror completely covered with a black rectangle (14 x 8 cm). The 
mirror was 25-30 cm from the actively calling resident male, at an angle of  
approximately 45° in relation to the male's body position to avoid a possibly blind spot 
at 0º (directly in front of the animal, Fite 1973). The reflection of the animal in the 
mirror simulated the presence of an intruder male (Lindquist and Hetherington 1998; 
Haddad and Giaretta 1999; Furtado and Nomura 2014; Figure 2). Each individual was 
subjected to each treatment. Each treatment lasted 3 min, with 2-min intervals 






Figure 2 Self-Image treatment applied to a male of Hypsiboas raniceps in the 
southeastern Pantanal, Corumbá, state of Mato Grosso do Sul, Brazil. The reflection of 
the animal in the mirror (14 x 8 cm), positioned at an angle of approximately 45° in 
relation to the male's body position, simulated the presence of an intruder male in the 
resident's territory. 
 
The visual responses were classified according to motor patterns described by 
Hödl and Amézquita (2001) and Hartmann et al. (2005). We described the behavioral 
repertoires of males of H. raniceps, D. nanus and L. limellum during agonistic 
interactions (Table 1) and we calculated the mean emission rate per minute per 
behavior in each treatment. For the vocal-sac display we calculated the proportion 




Table 1 Visual repertoire of males of Hypsiboas raniceps, Dendropsophus nanus and 
Lysapsus limellum during agonistic interactions. 
Behavior Description Species 
Vocal-sac display 
Inflate the vocal sac, with or without vocalizing, 
and maintain the vocal sac inflated for some time. 







Rapid up-and-down movements of one or more 







Rapid up-and-down movements of one or more 






To test our hypothesis that the repetition rate of each visual display (response 
variable) would differ between treatments (predictor variable with two levels: Self 
Image and Control), we used repeated-measures ANOVAs (Sokal and Rohlf 1995) with 
interaction between treatments and the species sampled. Since we were interested in 
how each behavioral response changed between the treatments, each response 
variable was tested separately (Huberty and Morris 1989). Statistical tests were 








Males of H. raniceps and D. nanus called perched on emergent vegetation of lentic 
water bodies, a few centimeters (up to 0.5 m) above the water, while males of L. 
limellum called on macrophytes floating on the water surface. Although the total 
number of visual displays (139 events in 102 minutes of recordings) was much lower 
than the number of  acoustic signals (1,206 events in 102 minutes of recordings), we 
recorded one known visual display type for males of H. raniceps, the vocal-sac display 
(Guimarães and Bastos 2003; Table 1); and also two types of visual display for each 
species, which are described here for the first time: toe/finger trembling and limb 
lifting (for H. raniceps; and vocal-sac display and limb lifting for D. nanus and L. 
limellum (Table 1). 
The behavior of vocal-sac display consisted in the act of inflate the vocal sac, 
with or without vocalizing, and maintain the vocal sac inflated for some time. Eight of 
17 focal males (five males of H. raniceps and three males of D. nanus) maintained the 
vocal sac inflated throughout the experiment, and males might call while the vocal sac 
remains inflated (see Videos 1, 2 and 3 on Supplementary Online Material). Limb lifting 
behavior, in turn, consisted in rapid up-and-down movements of one or more limbs 
(fore- or hind limb), without extending it (Videos 2 and 3 – Supplementary Online 
Material). We did not observe males of H. raniceps, D. nanus and L. limellum emitting 
another visual or acoustic signal at the same time that limb liftings. Finally, toe/finger 
trembling behavior consisted in rapid up-and-down movements of one or more toes 
and/or fingers, without otherwise moving the limb. Although different phalanges can 
be display during toe/finger trembling, the most conspicuous was the middle finger 
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(see Video 2 on Supplementary Online Material). 
The visual display most frequently observed during the experiments was the 
vocal-sac display (Figure 1), observed in 16 of 17 focal animals. However, the use of 
vocal-sac display, limb lifting and toe/finger trembling behavior by males of H. 
raniceps, D. nanus and L. limellum did not differ either between treatments (Self Image 
and Control) or among species (Table 2; Figure 3).   
 
Table 2 Repeated-measures ANOVAs comparing the emission of vocal-sac display 
(display time/total time), limb lifting (events/min) and toe/finger trembling 
(events/min) displays by males of Hypsiboas raniceps (N=6), Dendropsophus nanus 
(N=6) and Lysapsus limellum (N=5) in response to two experimental treatments, Self-
Image and Control. The results show the variances between treatments and also 
among species, but considering the individuals as blocks. DF = degrees of freedom. 
Behaviour Predictor variable Estimate Error DF t P 
Vocal-sac display 
Intercept 0.85 0.44 25 1.90 0.06 
Treatment 0.14 0.28 25 0.53 0.59 
Species -0.11 0.15 25 -0.74 0.46 
Treatment:Species -0.006 0.09 25 -0.06 0.94 
Limb lifting 
Intercept 0.34 0.30 25 1.13 0.26 
Treatment -0.15 0.19 25 -0.81 0.42 
Species -0.11 0.10 25 -1.04 0.30 
Treatment:Species 0.06 0.06 25 1.02 0.31 
Toe/finger trembling 
Intercept 5.01 2.24 25 2.23 0.03 
Treatment -0.86 1.41 25 -0.61 0.54 
Species -1.42 0.77 25 -1.82 0.07 





Figure 3 Rate of vocal-sac (emission time/total time), limb lifting (events/min) and 
toe/finger trembling (events/min) displays by males of Hypsiboas raniceps (N=6), 
Dendropsophus nanus (N=6) and Lysapsus limellum (N=5) subjected to two treatments 
(Self Image and Control) in the southeastern Pantanal, Corumbá, state of Mato Grosso 
do Sul, Brazil. Toe/finger trembling behavior was performed only by males of H. 
raniceps during the experiments. Each pair of points represents one individual; and 
points may overlap each other. The frequency of behaviors did not differ, either 




The observation of visual behaviors, for the first time, in all three anuran species 
studied here demonstrates that it is possible to make discoveries about natural history 
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even with low sample sizes. For example, for fewer than ten focal animals, Montanarin 
et al. (2011) described several visual displays, and Furtado and Nomura (2014) 
observed significant behavioral changes in response to mirror-experiments in anuran 
species. However, it is prudent not to exclude the possibility that males of H. raniceps, 
D. nanus and L. limellum may be using other visual displays during agonistic 
interactions, such as those described for other anurans (see review with description of 
18 visual display patterns, Hödl and Amézquita 2001). 
The emission of vocal-sac display, limb lifting and toe/finger trembling 
behaviors, during intraspecific interactions, were previously reported to many hylid 
species (Table 3). In Aplastodiscus eugenioi (Hartmann et al. 2004, 2005) and 
Hypsiboas curupi (Lipinski et al. 2012), at least one of these behaviors was emitted by 
males during reproductive contexts (females as receivers). However, in all the other 
hylid species studied at the moment (16 species, 6 genera; Table 3) the males were 
observed emitting vocal-sac display, limb lifting or toe/finger trembling behaviors 
during male-male interactions (Hödl and Amézquita 2001; Amézquita and Hödl 2004; 
Hartmann et al. 2005; Toledo and Haddad 2005; Giasson and Haddad 2006; Toledo et 
al. 2007; Miranda et al. 2008; Barros and Feio 2011; Lipinski et al. 2012; Furtado and 





Table 3 Emission of toe/finger trembling, limb lifting and/or vocal-sac display behaviors 















Aplastodiscus eugenioi Repr. Repr. - 2,3 
Aplastodiscus perviridis - Aggr. - 4 
Hypsiboas raniceps Aggr. Aggr. Aggr. Present study 







Hypsiboas faber Aggr. Aggr. Aggr. 7 
Hypsiboas lundii Aggr. Aggr. Aggr. 7 
Hypsiboas curupi Aggr./Repr. - - 8 
Hypsiboas leptolineatus Aggr. Aggr. - 7 
Hypsiboas goianus Aggr. Aggr. Aggr. 1 
Hypsiboas bischoffi Aggr. Aggr. Aggr. 4,7 
Scinax eurydice - Aggr. - 3 
Scinax maracaya - Aggr. - 9 
Scinax fuscomarginatus - Aggr. - 10 
Scinax nasicus - Aggr. - 7 
Lysapsus limellum Aggr. Aggr. - Present study 
Dendropsophus parviceps - - Aggr. 11,12 
Dendropsophus werneri - Aggr. - 13 
Dendropsophus nanus Aggr. Aggr. - Present study 
Acris blanchardi Aggr. Aggr. - 14 
References: 1Souza (2014); 2Hartmann et al. (2004); 3Hartmann et al. (2005); 4Toledo et 
al. (2007); 5Giasson and Haddad (2006); 6Furtado and Nomura (2014); 7Furtado (pers. 
obs.); 8Lipinski et al. (2012); 9Barros and Feio (2011); 10Toledo and Haddad (2005); 
11Hödl and Amézquita (2001); 12Amézquita and Hödl (2004); 13Miranda et al. (2008); 
14Horne et al. (2014). 
 
Although previous studies have associated visual signals with agonistic 
interactions in nocturnal tree frogs (e.g., Dendropsophus parviceps, Amézquita and 
Hödl 2004; Agalychnis callidryas, Caldwell et al. 2010; Bokermannohyla sapiranga, 
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Souza 2014), we experimentally demonstrated that only visual cues of a reproductive 
competitor were not sufficient to increase the frequency of visual displays in males of 
Hypsiboas raniceps, Dendropsophus nanus and Lysapsus limellum. Thus, our results 
indicate that: (i) the visual displays emitted by males of these species are not used for 
communication during aggressive intraspecific interactions (Furtado and Nomura 
2014); or (ii) a bimodal aggressive stimulus may be necessary to trigger a behavioral 
response by using visual signals during territory defense (Narins et al. 2003, 2005). 
As demonstrated in other nocturnal species of the family Hylidae (e.g., 
Hypsiboas albomarginatus, Furtado and Nomura 2014; H. goianus and H. 
albopunctatus, Souza 2014), the motor patterns, generally associated with visual 
signaling in diurnal species, observed in our study can actually represent unintentional 
behavioral responses. Although displacement activities might be a good indicator of 
anxiety levels, they are not communication signals (Maestripieri et al. 1992). 
Therefore, the vocal-sac display, toe/finger-trembling and limb-lifting behaviors 
performed by males of H. raniceps, D. nanus and L. limellum might represent a 
reflexive response derived from increased anxiety due to the unpredictability of 
antagonistic social interactions. However, these motor patterns could evolve to 
become “bona fide” visual signals, since studies with ritualization of a displacement 
activity during evolution reveal an increase in the differences between the ritualized 
behavior and the original (reviewed by Tinbergen 1952). 
Alternatively, the visual displays emitted by males of H. raniceps, D. nanus and 
L. limellum during aggressive intraspecific interactions may have signal function in 
other contexts. For example, the focal males could actually be sending the visual 
message to females (e.g. Engystomops pustulosus, Rosenthal et al. 2004; Dryophytes 
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versicolor, Reichert and Höbel 2015) and not to the self-image reflected on the mirror. 
Or even these behaviors can be associated with interspecific interactions. Sloggett and 
Zeilstra (2008), for example, suggested the use of toe movements as an alternative 
predatory function in anurans. Although the present study is a starting point to 
elucidate the function of visual displays emitted by males of these species, future 
experimental studies are required. 
However, since species using visual signaling also use acoustic signaling during 
social interactions (e.g. Hylodes asper, Haddad and Giaretta 1999; Micrixalus saxicola, 
Krishna and Krishna 2006), it is difficult to separate the function of each signal in 
anuran communication (Amézquita and Hödl 2004). For example, in Epipedobates 
femoralis, a bimodal stimulus consisting of both visual (vocal-sac pulsation) and 
acoustic signals is necessary to elicit an aggressive response by the receiver resident 
male (Narins et al. 2003). Additionally, males of H. albomarginatus did not respond 
visually, but rather acoustically (by increasing the emission of aggressive calls) to visual 
stimuli simulating conspecific males (Furtado and Nomura 2014). We found that a 
unimodal stimulus of a conspecific intruder did not trigger the visual aggressive 
response by resident males of H. raniceps, D. nanus and L. limellum. However, our 
results do not exclude the possibility that visual stimuli lead to acoustic modulations or 
to bimodal stimuli (e.g. visual and acoustic signals combined), resulting in an increase 
in the frequency of visual displays by males of these three species. 
We concluded that the visual displays emitted during agonistic interactions by 
three species of nocturnal tree frogs that reproduce in lentic environments, Hypsiboas 
raniceps, Dendropsophus nanus and Lysapsus limellum, probably represent 
displacement activities. However, in view of the diversity of visual displays and their 
62 
 
use during social interactions, these behaviors should be investigated in other social 
and environmental contexts, including bimodal experiments, and in other species of 
amphibians. 
 
Supplementary Online Material 
 
Videos deposited in the Fonoteca Zoológica (Fonozoo), Museo Nacional de Ciencias 
Naturales, Consejo Superior de Investigaciones Científicas, Madrid, Spain. 
 
Video 1 Experiment with a male of Hypsiboas raniceps performing a vocal-sac display 
and emitting acoustic signals. Fonoteca Zoológica Code: 10313MOV1. 
Video 2 Male of Hypsiboas raniceps calling and performing toe/finger trembling (00:06 
min and 00:12 min) and limb lifting (00:16 min) behaviors. Fonoteca Zoológica Code: 
10314MOV1. 
Video 3 Male of Dendropsophus nanus calling and using vocal-sac display and limb 
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Visual behavior during intraspecific interactions in anurans: phylogeny, 







Estudos sobre história natural fornecem a matéria-prima necessária para a elaboração 
de perguntas e hipóteses, principalmente em áreas com escassez de conhecimento 
como a sinalização visual em anuros. Dentre as 7.023 espécies de anuros descritas até 
o momento (Amphibian Species of the World 6.0, an Online Reference), a presença ou 
ausência de pistas visuais durante interações sociais foram relatadas em apenas 159. 
Se 2% da diversidade conhecida de anuros já foram capazes de nos fascinar com um 
rico repertório visual, o que as outras 98% das espécies têm a nos ensinar? 
Inspirada pela primeira pergunta de Tinbergen, “O que é?”, observei e descrevi 
o comportamento visual de uma espécie de rã-de-corredeira diurna. Além de um 
repertório visual diverso, descobri que machos emitem mais displays visuais do que 
cantos durante contextos agressivos. Entretanto, há um aparente consenso entre os 
herpetólogos de que a sinalização acústica é a principal forma de comunicação em 
anuros. Será que a sinalização visual não seria mais relevante do que se imaginava? 
Todavia, a identificação de um sinal visual não é algo trivial. Para identificar 
“Qual a função?” (segunda pergunta de Tinbergen) de um comportamento é 
necessário realizar testes de hipóteses com metodologias apropriadas, a fim de evitar 
conclusões precipitadas baseadas apenas na percepção humana. Portanto, submeti 
machos de três espécies de hilídeos noturnos, e que se reproduzem em poças, a um 
experimento com espelhos simulando interações agonísticas. Em todas as espécies 
estudadas, os displays visuais emitidos parecem não possuir função de comunicação. 
Neste caso, os displays visuais não representam sinais visuais, mas possivelmente 





Visto que alguns destes comportamentos representam, comprovadamente, sinais 
visuais verdadeiros em outros anuros, este resultado me levou a questionar quais 
pressões (“Como evoluiu?” – terceira pergunta de Tinbergen) estão atuando na 
evolução de sinais visuais a partir de pistas pré-existentes (e.g. atividades deslocadas). 
Durante a realização desses dois primeiros estudos, constatei que as três 
espécies de hilídeos observadas possuíam um repertório visual consideravelmente 
menor (2-3 comportamentos) do que a espécie de rã estudada anteriormente (7 
comportamentos). Além disso, os machos dos hilídeos vocalizavam em taxas muito 
maiores (e.g., Lysapsus limellum: 44,5 cantos/minuto) do que a rã-de-corredeira 
(Hylodes meridionalis: 1,1 cantos/minuto). Poderia a sinalização visual ser um modo de 
comunicação alternativo à sinalização acústica em anuros? Para responder esta 
questão, compilei o repertório visual de 69 espécies e analisei seus respectivos cantos. 
Entretanto, não encontrei maiores repertórios visuais em espécies que produziam 
menos cantos por minuto durante interações sociais. Adicionalmente, o macho de rã-
de-corredeira com maior atividade acústica em resposta à presença de um 
competidor, também foi aquele que emitiu mais toe flaggings. Isto sugere que a 
sinalização visual pode não ser uma alternativa, mas um complemento à sinalização 
acústica em anuros. 
Uma vez que o ambiente normalmente exerce fortes pressões sobre a evolução 
e divergência de caracteres, seria a associação entre hábito diurno e reprodução em 
ambiente ruidoso o fator-chave que explicaria o rico repertório visual da rã-de-
corredeira? Estes atributos são diferentes daqueles dos hilídeos pesquisados neste 
estudo, que também são tidos como atributos das linhagens de anuros ancestrais 





averiguar o efeito do ambiente e da filogenia na variação de pistas e sinais visuais em 
anuros. Conforme o esperado, eu encontrei que as pistas visuais parecem evoluir 
independentemente em diferentes linhagens, mas que em algumas linhagens 
específicas estas pistas vieram a se tornar sinais visuais verdadeiros. Entretanto, o 
ambiente explicou muito pouco da variação de sinais visuais observada em 159 
espécies incluídas no estudo. Portanto, o ambiente parece não ser a única força 
seletiva necessária para a divergência e evolução de sinais visuais durante a 
comunicação intraespecífica nos anuros. 
Com o desenvolvimento desta tese de doutorado eu pude concluir que ainda 
sabemos muito pouco sobre o fascinante comportamento visual dos anuros e que 
estudos descritivos devem ser incentivados. Entretanto, ressalvo cuidado durante a 
interpretação deste tipo de dado comportamental, uma vez que nem todos os displays 
visuais emitidos possuem um significado inserido. Também pude constatar que 
provavelmente não há uma relação antagônica entre o repertório visual e a atividade 
acústica nos anuros. Isto sugere que os indivíduos utilizam ambas as modalidades para 
se comunicar, e que futuros trabalhos deveriam incorporar abordagens multimodais a 
fim de estudar a comunicação do grupo de maneira mais precisa. Apesar das 
limitações impostas pelo volume modesto de dados, encontrei que, em algumas 
linhagens específicas, pistas visuais tornam-se sinais visuais que evoluem por seleção 
fracamente mediada pelo ambiente. Portanto, outras pressões seletivas, como a 
seleção sexual e a territorialidade, devem ser investigadas para elucidar a evolução e 
divergência de sinais visuais durante a comunicação intraespecífica em anuros. 
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